Abstract -The lethal chlorophyll mutant is described in this work. It is characterized by irregular, transversal, yellow stripes of equal width on the leaf blade of seedlings. Those seedlings usually produced 2 leaves (though at times 3 or 4), however they did not propagate and some of them died out by the end of November. The way of inheritance of this trait was defined on the basis of segregation of plants with a normal green colour of leaves (491) and plants with yellow, transversal stripes on leaves (167) in the segregating population. The obtained segregation is close to the theoretical ratio 3:1 which shows that the feature is determined by a recessive gene denoted by the symbol tys (transversal, yellow stripes). The expression of gene tys was observed on the level of chloroplast ultrastructure in the shape of a reduction of the number of thylakoids and grana as well as lesser the net photosynthesis of intensity. Moreover, the tys gene caused a significant decrease of chlorophyll a and b content as well as a + b in leaves of the mutant in comparison with control. The chlorophyll mutant characterized above was first described in this work.
INTRODUCTION
Chlorophyll mutants are a general biological phenomenon which occur in all plant species. In rye they appear after self-pollination most often, and they are determined by singular, recessive genes (NILSSON-EHLE 1913; BREWBAKER 1926; FIEDOROV et al. 1971; KUBICKA et al. 1986; 1988) . Their expression appears in the seedling stage most frequently. After 4 weeks they die because of germination caused by the running out of food supplies contained in the seeds.
In the literature available a yellow colour of leaves of such rye mutants was defined by different genes for example xa - (NILLSON-EHLE 1913) , au - (BRAWBAKER 1926) , lu syn el - (DUMON and LACREMANS 1963 ), or -(MüNTZING 1963 ), xh1 -(SMIRNOV and SOSNICHINA 1984 . Similarly genes determining albino colours of seedlings are denoted by different symbols: a1, a2, a3 -(SMIRNOV and SOSNICHINA 1984) and wh -localized on the 6RS chromosome (DE VRIES and SYBENGA 1984) .
The other three lethal mutants of rye are characterized by an altered colour of young seedlings which namely are pink, orange and light violet, determined by nonallelic genes (chl1, chl2 and chl3) described by: KUBICKA et al. (1986; 1988) , KUBICKA (1989) and . These investigators, as a first in rye, showed variable action of these genes not only on the basis of phenotypic differences but also ultrastructure of chloroplasts and the level of development and organizations of organelles in chloroplasts.
Until now only in one work (SENFT and WRICKE 1996) the molecular RFLP technique was used to localize the CHI gene responsible for the lack of chlorophyll in rye. This enabled the mapping of this gene on chromosome 5RL. However information concerning its exact action was not given.
To this group lethal mutants characterized by a uniform, changed white, yellow orange, purple colour were included. In addition to lethal chlorophyll mutants of a uniform colour of leaves, forms of a lower vigor and various patterns on leaves (longitudinal stripes, stains, spots) were described.
An interesting lethal chlorophyll mutant characterized by transversal yellow stripes on the leaves was selected by KUBICKA (1994) in the inbred generations of winter rye.
The aim of this research was a complete analysis of the aforementioned mutant on account of its morphology, cytology and genetics.
MATERIAL AND METHODS
The first plants with irregular, transversal, yellow stripes were selected in S 2 inbred generation after self-pollination Dańkowskie Złote variety of rye. In view of the fact that these plants produce no seeds, they can be reproduced only as segregations in further inbred generations by self-pollination of fertile plants of the same population. A probable mode of inheritance of the studied trait was accepted on the basis of the frequency of segregating and non-segregating generations in S 3 and the frequency of control plants to chlorophyll mutants in S 4 generation. The accepted inheritance mode was tested by the test Chi 2 .
For the following investigations fifty chlorophyll mutants and the same number of control plants were chosen.
Chlorophyll content was determined by extraction with 80% acetone according to BRUINSMA (1963) and measured at 645, 652 and 663 nm in spectrophotometer Lambda 11 (Perkin Elmer).
The number of chloroplasts was counted in material fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer, pH 6.8, for 12 h at 4 0 C and macerated in 0.05 M EDTA in 0.35 M sucrose, pH 9.0 at 60 0 C for 4 h (POSSINGHAM and SMITH 1972) . The plastids ultrastructure was examinated on 1 mm 2 sections cut off from the middle part of ten day old leaves and coleoptiles with transversal, yellow stripes of the mutant. Chloroplast ultrastructure was analyzed in the material fixed and dehydrated in standard way as described previously (KUBICKA et al. 1986 ). The specimens were embedded in Epon 812, sectioned with a glass knife on an LKB ultramicrotome, stained in uranyl acetate followed by lead citrate and examined in an Jeol electron microscope at 80 kV.
The net intensity of photosynthesis and darkness respiration of control line (D855) and chlorophyll mutant was defined using CO 2 analyse in infrared rays Ciras 2. Measurement were carried out on the middle part of the subflag leaf at room temperature. The results were given as average values of those measurements.
RESULTS

1.
Morphological characteristic -Chlorophyll changes on leaves in the mutant appeared in the seedling stage immediately after the appearance of the first leave. At the beginning those changes were barely visible. The other changes became more and more evident. They took on an irregular, transversal shape of stripes of similar width running through the entire leaf-blade. The seedlings grow two leaves (sometimes three or four) however they did not tiller and part of them died at the end of November. Moreover, some of them might be observed in spring (dying after one month due to an inability of further growth).
2. The chlorophyll content and ultrastructure of chloroplasts -The content of chlorophyll a and b in mutant leaves with transversal, yellow stripes and in control with leaves of a uniform green colour were observed in November this year. As is seen in Fig. 2 the chlorophyll mutant in compari- son to control contained significantly less chlorophyll (a, b and a+b).
Chloroplasts in the control line showed a typical lamellar organization consisting of granal and intergranal thylakoids arranged mainly along a long plastid axis. Moreover in its matrix numerous plastoglobules could be observed (Fig. 3) .
However, in the lethal mutant an internal membrane system of plastids consisted of above all less or more parallel thylakoids (often swollen) (Fig. 3A-D) .
A reflection of the disruption in the structure of chloroplasts was an evident reduction in the number of grana (about 84 %) and thylakoids per one granum from 43,2% to 10,8% (Tab. 1).
The chloroplasts in mutant were characterized by a different of level lamellar system of formation (single, length of thylakoids or associated with only few grana). Similarly to control in the chloroplast of mutants the presence of plastoglobul clusters were observed (Fig. 3A-D) .
The net photosynthesis of intensity (PN) and darkness respiration (RD) in control and the mutant -
The average net photosynhesis of intensity was significantly higher in control than the mutant. However, the darkness respiration was almost at the same level in both forms (Fig. 4) .
4.
Inheritance of the trait of irregular, transversal, yellow stripes on leaves -In view of infertility in the case of transversal, yellow stripes on leaves this trait cannot by analyzed genetically by crossing methods, but using the analysis of the frequency of segregating generations and the frequency of plants with transversal, yellow stripes on leaves in segregating populations (Table 2 ).
The fact, that plants with transversal, yellow stripes on leaves segregate about 25% in S 3 and S 4 generations originating from a single initial plant and that proportion of segregating populations in these generations is 2:1 (for Chi 2 =0,52, at P~0,50) on self-pollination and 4:5 (for Chi 2 =0,13, at P>0,50) on the intercross of fertile plants of the same generation, suggest that investigated trait is determined by a single recessive gene, which is designated with the symbol tys after the term "transversal, yellow stripes on leaves". This is confirmed in the segregation ratio where on 491 plants of uniform green leaves 168 plants of transversal, yellow stripes were observed. This is close to the theoretical ratio 3:1 for Chi 2 = 0.08, at P>0.50 which proves that the feature researched is determined by a recessive gene which is defined by the symbol tys.
DISCUSSION
The chlorophyll mutant presented in this paper was selected from the Dankowskie Złote variety (KUBICKA 1994) . This feature transversal, yellow stripes on leaves appeared in autumn just after the germination of plants and maintained up seedlings death (autumn or spring). Similarly to other chlorophyll mutants of rye the mode of inheritance of this feature was single-gene (NILS- SON-EHLE 1913; BREWBAKER 1926; FIEDOROV et al. 1971; HOPPE 1985; KUBICKA et al. 1998; 2000) . On account of the fact that this type of chlorophyll change in rye had never been described in literature before, the gene determining the appearance of this feature was defined by the symbol tys after term transversal yellow stripes on leaves.
The morphological change in the colour of the blade leaves in plants is confirmed by the existence of structural and functional disruptions of chloroplasts, the only organelles capable of photosynthesis. The differentiation of these types of mutants was mainly caused by slight developed system or granal and intergranal thylakoids in chloroplasts.
According to VOTHKNECHT and WESTHOFF (2001) there are many different types of mutations. These mutations are often blocked in a step of a biosynthetic pathway located in chloroplasts. In other mutants structural components of the thylakoid membrane are missing or defective. Mutations can affect plastids are stopped very early in development. Mutations of the dc1 genes in Lycopersicon esculentum, dag in Antirrhinum maius and cla1-1 in Arabidopsis thaliana appeared in the proplastids stage. While plastids in barley albina mutants can reach the size of mature chloroplasts but remain fully destroyed of internal membrane structures. Despite achieving full maturity of these chloroplasts, they did not have properly developed thylakoids which led to the stopping of their function.
Different ultrastructure of chloroplasts in the lethal mutant of rye was observed by KUBICKA et al. (1986; 1988) , KUBICKA (1989) GABARA et al. (1991) . All these plastids had a completely changed lamellar arrangement: many vesicles arranged concentrically or disorganization in the stroma. Moreover, in the mutant of an orange colour of seedlings determined by gene chl2, the appearance of lengthened intergranal thylakoids, arranged along a long axis of plastids was observed (KUBICKA et al. 1988) .
A certain similarity in the arrangement of thylakoids of stroma was shown in some chloroplasts of the mutant with transversal, yellow stripes of leaves. On the other hand most chloroplasts in this mutant (with tys gene) were characterized by an almost correct structure. However, a reduced number of grana (84%) and thylakoids (43,2% to 10,8%) and low chlorophyll content was observed. Similar a lamellar arrangement in chloroplasts in the rye mutants with following genes ync, wyv1, wyv2 and lg was described by and KUBICKA et al. (1998; 2000) . These mutants had also reduced number of grana and thylakoids per one granum and less chlorophyll content.
The expression of the tys gene is not identical in all individuals. Most mutated plants die in autumn, but some in spring. The later death of plants is caused by presence of properly developed chloroplasts in the green-leaf fragments (about 40%). However, the six-time reduction of chlorophyll content in the mutant with a relatively large yellow surface of leaves (caused by defective chloroplasts) leads to the reduction in growth development of the plants. The above features are similar to that of lethal chlorophyll mutants of uniform leaf colour (white or yellow or pink) which die 4 weeks after germination, described by KUBICKA et al. (1986; 1988) and GABARA and KUBICKA (1989) . The green fragments on leaves and structure of chloroplasts as well as overwintering some individual of mutant suggest a similarity to sublethal forms. The mutation of the tys gene described in this paper characterized by transversal, yellow stripes is very important and is believed link these two groups of mutants.
